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Abstract

A longleafpine wiregrassecosystemin the sandhillsof north central florida, upon which turkey oak gaineddominance
following a wildfire, wastreatedwith applicationsof hexazinone(1.1 or2.2 kg/ha)in May 1991. All applicationssuccessfully
reducedcompetitionfrom oaksin the overstoryand understory(mortality >80%), resultingin progressiveincreasesin the
foliar coverof wiregrass,all graminoidsandforbs throughtime. Broadcastapplicationcauseda declinein forb coverand
speciesrichnessduring the initial growing season,which recoveredby the following year.The 2.2 kg/haspot application
resultedin anincreasein speciesrichness,while evennessdeclinedwith the continuingexpansionof wiregrass.The entiresite
wasthenburnedin June1995 by prescribedfire, whichcauseda widespreaddecreasein thecoverof oaks,shrubs,wiregrass,
all graminoidsand forbs and plant speciesrichness.In the following year, forb coverincreasedand oakcover remained
significantly lower on plots treatedwith thecombinationof hexazinoneplus fire than on fire-only plots. Theoverall coverof
forbs, graminoids,shrubsandlongleaf pines continuedto increasethroughtime. Broadcastapplicationinitially exposeda
greaternumberof understoryplants to directcontactwith herbicide,posingahighermortality risk than maybe acceptablein
restorationefforts. Although recoveryoccurredin subsequentyears,the lower selectivityof broadcastapplicationmakesit a
lesssuitablerestorationtechnique.Spot applicationof hexazinonewasmoreselectivein its effectsupon theplantcommunity.
The2.2 kg/haspot applicationproducedincreasesin the coverof wiregrass,all graminoidsandforbs andthehighestlevelsof
speciesrichnessanddiversity. The2.2 kg/haapplicationratewasalsomost effective in controllingwoody plant competition
and is thereforerecommendedfor restoringlongleaf pine wiregrassecosystemsin sandhills and similar environments.
1-lexazinoneapplicationfollowedby prescribedfire acceleratesthe rate-ofecosystemrestorationoverthat achievableby using
fire alone.The ecologicalbenefitsof controllingcompetitionandrebalancingfloristic compositionrapidly achievedthrough
this combinationof treatmentswould likely require manycyclesof prescribedfire, if usedas anindividual treatment,overa
periodof severaldecades.© 2000 ElsevierScienceB.V. All rightsreserved.
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pine wiregrassecosystem(Boyer andWhite, 1990).
Fire at intervals as frequentas 2—4 years may be
beneficial in ecosystemrestorationwithout needfor
measuresto protect regeneration.Mechanical site
preparation th6d~hai&a1so~beeWproposed, buF
must be carefully applied to avoid adverseeffects
upon wiregrass(Clewell, 1989; Outcalt and Lewis,
1990;Outcalt, 1993). Herbicideapplicationhas also
been suggestedas a meansof selectivelyreducing
competingvegetation,favoringexpansionof longleaf
pine and wiregrass,minimizing physical disturbance
of thesoil andavoidingdisplacementof sitenutrients
(Wilkins et al., 1993a,b; Brockway et al., 1998).

A degradedlongleafpine wiregrassecosystem,that
had been invaded by scrub oaks following timber
harvestand wildfire in the sandhillsof north central
Florida, was treated with hexazinoneand burned4
years later with prescribedfire. In measuringpost-
treatmentchangesin the foliar cover and species
diversity of vascularplantsover7 years,theobjectives
of this study were to (I) evaluatehexazinoneas a
selectiveagentfor controlling competitionfrom inva-
sive woody vegetation(primarily oaks), (2) measure
the effectsof hexazinoneon non-targetplant species
(principally wiregrass,other grassesand forbs), (3)
determinewhether application of hexazinonecan
serveasaviablerestorationtreatmentand(4) compare
the effectivenessof hexazinoneapplicationfollowed
by prescribedfire with thatof prescribedfire alonefor
rebalancinginterspecific competition and adjusting
plant community structurewhen restoringlongleaf
pine wiregrassecosystemsin sandhills and similar
environments.

2. Methodsandmaterials

2.]. Studysite

ThisexperimentwasconductedontheLakeGeorge
RangerDistrict of theOcalaNationalForestinMarion
County,northcentralFlorida.Thestudysiteis located
on RiversideIsland (29028’N, 81050’W), oneof the
largestremaininglongleafpinewiregrassareasalong
theMount DoraRidge(Laessle,1958).The climateis
humid subtropical(Chen and Gerber,1990). Annual
precipitation is abundant,averaging1300mm, with
more than half of this arriving during the June to

Septemberseason(Aydelott, 1966).Averagemonthly
temperaturesrangefrom 21 to 280Cfor the April to
Octoberperiodand from 14 to I90C forNovemberto
March (NOAA, 1930—1985). ___

The study arealsb7pproxima~
level in a sandhillslandscapewith rolling topography,
devoid of surface drainagesand characterizedby
closed depressions.Surface slopes, ranging from
nearly level (0-2%) to moderatelyinclined (up to
8%), are aeolianduneswhich developedduring per-
iods of climateandsealevel fluctuation in the Pleis-
tocene(Kalisz andStone,1984).Surfacedepositsare
comprisedof sands2—3 m thick overlyingthe strati-
fied sand,gravelandkaolinitic claysof the Citronelle
Formation(Laessle,1958).Soils developedin parent
materialsdevoid of easilyweatheredprimary minerals
andconsistof quartzsandwith small amountsof iron
and titanium (Kalisz and Stone, 1984). Clay-sized
particlesare primarily quartz,kaolinite,hydroxy-alu-
minum interlayeredminerals and gibbsite (Carlisle
et al., 1978).Soils presenton the site are excessively
drained entisols and typically exhibit little if any
profile development(Brown et al., 1990). The pre-
dominantsoil is the Astatulaseries(Typic Quartzip-
samments,hyperthermic)which is low in organic
matter,nutrientsandwaterholdingcapacity(Aydelott
et al., 1975).Thisenvironmentiscommonlydescribed
as a wet desert’ or ‘desert in the rain’ since, while
precipitationis abundant,the soil canbecomeextre-
mely dry within I week without substantialrainfall
(Outcalt, 1993).

Vegetationon this ‘high pine’ sandhillsareawas
previouslydominatedby an overstoiyof longleafpine,
within a largermatrix of sandpine (Laessle,1958;
Myers, 1985, 1990; Myers and White, 1987). Evi-
dencesuggeststhat thesehavebeenthetwo principal
ecosystemsin this areafor the past5000years(Watts,
1971; Watts and Hansen,1988; Watts et al., 1992).
However, the degradednatureof the study site was
reflectedin the relativeabsenceof longleafpine and
predominanceof turkey oak (QuercusIaevis) with
lesseramountsof sandpine, Chapmanoak(Quercus
chapmanii), sand live oak (Quercusgeminata)and
myrtle oak (Quercusmyrtifolia). Associatedunders-
tory shrubsincludeddwarfliveoak(Quercusminima),
saw-palmetto(Seronarepens),scrubpalmetto(Sabal
etonia),rosemary(Ceratiola ericoides),crookedwood
(Lyonia ferruginea), wax myrtle (Myrica cerifera),
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forest floor through defoliation (Michael andBoyer,
1983;Bouchardet al., 1985;Michael, 1985).Persis-
tencein forestsoils is relativelybrief, with half-lives
of 1—6 monthsin silt_loam,4—6_weeksin clay and<4
weeksin loamysand(Rhodes,1980;Sungetal., 1981;
Lavy et al., 1989;Michael et al., 1990, 1999).

2.3. Measurements

In May 1991,plantcoverwasmeasuredon all study
plotsto ascertainthepre-treatmentstatusof the plant
community. Repeatedpost-treatmentmeasurements
were then completedin September1991—1993 and
1995—1997to assesstheecological changesresulting
from hexazinoneapplicationandprescribedfire. Total
foliar cover(verticalprojectionof canopy)of all plant
specieswasmeasuredby line-interceptmethodalong
two permanent20m line transects(orientednorth and
south) within each treatmentplot. Identification and
nomenclaturefor plant specieswere consistentwith
taxonomic authorities(Bell andTaylor, 1982; Wun-
derlin, 1982;Clewell, 1985;KurzandGodfrey, 1986;
Godfrey, 1988; Footeand Jones,1989; Grimm and
Kartesz,1993; Hall, 1993).

Foliarcoverdatafor eachspeciesweresummarized
as estimatesfor eachplot andanalyzedby treatment
andchangethroughtime. Foliar coverdatawere then
used as importance values to compute numerous
diversity indices(Ludwig and Reynolds,1988). Spe-
cies richness(total numberof speciespresent)and
evenness(how abundanceis distributedamongspe-
cies)are the two principal componentsof diversity.
Speciesrichnesswas characterizedon eachplot by
counting thenumberof speciespresent(N0).Evenness
(approachingonewhenall speciesareof equalabun-
danceand declining toward zero when few species
dominate)was determinedthrough calculationof the
modified Hill ratio (E5). Diversity indices combine
speciesrichnessandevennessinto a single numeric
value. Speciesdiversity was estimatedon all plots
usingthe Shannondiversity index (H’).

All datafor dependentvariablesweresummarized
as estimatesof the meanfor eachexperimentalplot.
Eachplot meanwas then used to estimatethe mean
and variancefor eachof the hexazinoneand!or fire
treatments.Foreachdependentvariable,a comparison
of differencesamong experimental treatmentsand
throughthe time sequenceof repeatedmeasurements

wasthen undertaken.A repeatedmeasuresANOVA,
using initial conditions as covariates, was used to
evaluatetime and treatmenteffectsand interactions
(Hintze, 1995). Hexazinone plus fire__treatment
responseswelt compared w thUfire-only ireatnient
responseusing a set of threepairwisecontrasts.The
trendthroughtimeaftertreatmentwasanalyzedusing
orthogonal polynomials. Statistical analysis of the
time andtreatmentinteractionfor computeddiversity
indices wascompletedusingthe bootstraptechnique
PROC MUL’TTEST in SAS (Efron and Tibshirani,
1993;Westfall andYoung,1993;SASInstitute,1996).
Adjustedp-values,which maintain a constantType I
enoracrossthefull rangeof comparisons,wereused
to determinesignificant differencesamong means
(10,000bootstrapiterationswereused).A probability
level of 0.05 was used to discem significant differ-
ences.

3. Results

3.1. Foliar coverchanges

The few residual adult and numerous seedling
longleafpines were unaffectedby eitherthe hexazi-
none application or the prescribedfire treatment
(Table 1). Significantincreasesin the foliar cover of
longleafpinewereobservedon all treatments,except
the 1.1 kg/ha spot application,by 1993 and on all
treatmentsby 1996.Longleafpinecoverprogressively
expandedon all plots,exceeding15%on the 1.1 kg/ha
broadcastand 2.2kg/ha spot treatmentswhere the
most rapid recoveryof this principal overstorycom-
ponentwasobserved.Following hexazinoneapplica-
tion in 1991, the foliar cover of turkey oak declined
significantly,with the 1.1 kg/haspottreatmentcausing
an 82% decrease,the 1.1 kg/ha broadcasttreatment
causinga 90% declineand the 2.2kg/ha spot treat-
ment resulting in a 93% decrease.Thesefoliar cover
reductionsfor turkey oak persistedthrough the 1997
growing seasonwith no evidenceof recovery.During
the sameinterval, turkey oak on the fire-only plots
continuedto expandits dominance,morethan dou-
bling its foliar cover. In 1995, the prescribedfire
treatmentcaused a significant decreasein turkey
oakcover on the fire-onlyplots; however,this decline
was short-lived as turkey oak quickly recoveredin
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Hexazinone(kg/ha) 0.0 1.1 broadcast 1.1 spot 2.2 spot Adjusted mean’

Fall 1992
Fa1LI993
Fall 1995
Fall 1996
Fall 1997

65.3
~67.4
41.3
60.2
67.2

64.8
68~5
41.9
61.1
71.6

59.5
62~9
39.1
55.3
64.0

62.9
—6R-I
42.3
56.3
70.5

63.1c
66;5’
41.2’
553C
68.3’

Adjusted mean 64.7 62.1 55.4 55.2

All graminoids
Spring 1991
Fall 1991
Fall 1992
Fall 1993
Fall 1995
Fall 1996
Fall 1997

58.8
68.0
69.6
72.7
45.1
68.0
75.6

54.8
67.2
72.5
74.0
47.3
72.0
82.4

50.4
64.1
73.5
74.5
47.5
72.2
82.5

51.0
65.6
76.1
75.7
48.8
70.4
84.7

66.2’
72.9c
74.2’
47.2c
70.7’
81.3’

Adjustedmean 63.7 68.7 70.9 71.7

All forbs
Spring 1991
Fall 1991
Fall 1992
Fall 1993
Fall 1995
Fall 1996
Fall 1997

4.5
7.3
9.3
7.4
3.4

11.6
7.8

7.2
3.2

12.8
14.8
3.7

20.3
14.7

5.0
8.5

10.0
10.8
3.2

10.9
12.4

3.0
5.3
9.1

10.1
3.0

16.1
15.0

6.1’
10.3’
10.8’
3.4’

14.7’
12.5’

Adjustedmean 6.5 9.6 4.5
‘Post-treatmentmeanadjustedby analysisof covariance.

b Significantly differentfrom control (fire-only) plots,p =0.05.

Significant changethroughtime from pre-treatmentcondition,p < 0.05.

1996 and continuedits expansionthrough the 1997
growing season.A quitesimilarpatternwasobserved
for all oakspeciescombined.Hexazinoneapplication
significantly reducedthe foliar cover of all oaks.On
the fire-onlyplots, oak cover declinedfollowing pre-
scribed buming, but then.quickly recovered and,
within 3 years, increasedto levels exceeding the
pre-treatmentcondition. The effect of hexazinone
treatmenton shrubswas less consistent,with only
the 2.2kg/ha applicationrateproducinga significant
decreasein shrubcover that lasted through the 1997
growing season.In 1995, prescribedfire caused a
temporary significant decline in shrub cover on all
plots.Howeverin all cases,shrubsrecoveredrapidly
during 1996 to pre-fire levels by 1997. Hexazinone
applicationdiminished the overall cover of woody
plants from 1991 to 1993, by curtailing the rapid
increaseof oaks.Fire treatmentin 1995 temporarily

contributedto oak control on all plots.Although the
foliar cover of woody plants recoveredfrom pre-
scribedbumingby 1997,on hexazinonetreatedplots
this resultedlargely from the emergenceof longleaf
pine, while on fire-only plots it was due to the
rapid expansionof oaksin combinationwith longleaf
pine.

From 1991 to 1993, the foliar cover of wiregrass
increasedfollowing hexazinoneapplicationatall rates
(Table 1). Wiregrasscover expanded23%on the fire-
only plots,41 % on the 1.1 kg/habroadcasttreatment,
43%onthe 1.1 kg/haspottreatedplotsand86%onthe
2.2kg/ha spot treatment. In 1995, prescribedfire
causedsignificantdecreaseson all plots,butwiregrass
recoveredrapidly during 1996 to reach its greatest
coveragein 1997.Althoughwiregrasscoverincreased
over time more rapidly on hexazinone treated
plots than on fire-only plots,whenadjustedfor initial

Table I (Continued)

127
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season.By 1992, plant speciesrichnessfully recov-
eredon the broadcastapplicationplots andcontinued
to increaseon the spot treatedplots,exceedingthe 20
speciespresent.In 1995, prescribed fire causeda
decliiie’in speciesricliiie~s’—oii all plots, but this
decreasewassignificantonly for the 1.1 kg/ha broad-
castapplication.By 1996,speciesrichnessrecovered
on all plots,reachingits highestvalues.In 1997,plots
receiving the 2.2 kg/ha spot application followed by
prescribedfire containedasmany as25 species,while
thosetreatedwith fire-only typically supportedabout
20.

All hexazinoneapplication rates resulted in non-
significant declinesin plant diversity during the first
post-treatmentgrowing season(Table 2). The largest
of thesewasa decreasein theShannondiversity index
(H’), from 1.49 to 0.99, for the 1.1 kg/ha broadcast
application. Alpha diversity declines for the spot
applicationswere typically from 1.51 to 1.25. Diver-
sity valueson broadcasttreatedplotswerecomparable
to thoseon untreatedcontrol plots,while thoseon.spot
treatedplots weresomewhathigher. During 1992 and
1993, species diversity recovered on all plots,
approachingvalues averaging 1.40. In 1995, pre-
scribedfire producednon-significantdeclinesin diver-
sity for all treatments,followedby abruptincreasesin
1996 that continued through 1997. Plant diversity
increasesin 1996 and 1997 were significant only
for the 2.2kg/ha spot treatmentand the fire-only
treatment.

Only the 2.2 kg/ha spot applicationof hexazinone
significantly affected plant speciesevennessduring
the first andall subsequentgrowing seasonsthrough
1997 (Table 2). The high mortality rate amongoaks
andgreatincreasein thecover of wiregrassassociated
with this treatmentlikely accountfor this sustained
decreasein the modified Hill ratio (E5) from 0.60 in
1991 to 0.43 by 1997.All other treatmentsappearto
havelittle influenceupon speciesevenness,exceptfor
the fire-only treatment.On theseplots,plant species
evennesssignificantly increasedfrom the 1993 level
of 0.47 to 0.56 in 1995 and thenreturnedto a pre-fire
level of 0.46 in 1996.Thistemporaryincreaseappears
relatedto a significantdeclinein shrubcover on fire-
only plots during 1995, thusprovidinga brief season
of greaterequity in speciesdistribution prior to the
resumptionof vigorous growth by woody plants in
1996.

129

4. Discussion

4.]. Effectsonfoliar cover

Neltherhexazinonen~rfiT~ adverselyaffected the
relatively rapid increaseof longleafpine.With excep-
tion of the 1.1 kg/ha spot application, longleafpine
cover was generally greateron plots treated with
hexazinone plus fire than on the fire-only plots.
Although studieselsewherereportthat longleafpine
is subject to injury by growing-seasonfire (Boyer,
I 990a,b), the progressiveincreasein longleafpine
cover on this studysitesuggeststhatsuchwasnotthe
casehere.Whilenot specificallymeasured,thegrowth
lossesattributedto prescribedfire treatmentin earlier
studies(Cary, 1932;Garren,1943;Boyer, 1987,1994;
Landerset al., 1995) werenot apparenton this site.

1-lexazinoneapplicationon thisxeric sandhillssite
greatly reducedthe foliar cover of turkey oak and
other oaks that had begun to dominatethe longleaf
pine wiregrassecosystem.Similar results havebeen
reported for higher-rate hexazinone applications
(<6.8 kg/ha) on sandhills (Wilkins et al., 1993a)
and lower-rate applications(0.3, 0.6 and 0.9kg/ha)
on well-draineduplands(Long andFlinchum, 1992).
Initial turkey oakmortality rates,rangingfrom 82 to
93%, indicate that hexazinoneapplication may be
useful in selectivelyshifting the balanceof competi-
tion for site resourcesto favor desirableplant species
in theunderstoryandoverstory(Wilkins et al., 1993b;
Brockway et al., 1998). Although shrub cover was
initially decreasedonly by the spotapplications,the
overall earlydeclineof woodyplantsappearedto have
createdopportunity for expansionof plantsalready
occupying the site and liberated microsites where
additionalspeciesmight colonize.

While prescribedfire on the fire-only treatmentdid
producea pronounceddecreasein oakssimilar to that
reportedelsewhere(Rebertuset al., 1989a,b; Glitzen-
stein et al., 1995), the foliar cover of oaks rapidly
increasedin subsequentyears,indicatingthatthisbrief
declinewould beshort-lived.This resultconcurswith
reportsconcerningthe relatively minor effectsof a
singlefire eventin sandhillsandsimilarenvironments
(Abrahamsonand Abrahamson,1996a,b; Liu et al.,
1997). Prescribed fire also caused a widespread
decreasein shrub and woody plant cover, similar to
that reportedin previousstudies(Mooreet al., 1982;
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hexazinoneinto closephysicalcontactwith nearlyall
plantsandcanbelargelyattributedto decreasesin the
cover of turkey oak and several forbs. Richnessthen
recovered in the_foliqwingyear 1Q~pre-treatment
level~The~numberof7species~owspot treatedplots
was unaffectedby the less uniform distribution of
hexazinonewhich impactedfewer understoryplants
herethan on broadcasttreatedplots (Brockwayet al.,
1998). These findings concur with reportsof plant
speciesnumbersbeing unchangedor slightly higher
during the secondand subsequentgrowing seasons
following herbicideapplication(Blake et al., 1987).
Speciesrichnessshowed an overall linear increase
through time for all treatments,until prescribedfire
produceduniversaldeclinesin the numberof species
during 1995. Of these,the only significant decrease
was againnoted on the broadcasttreatedplots. The
recoveryof richnessfollowing bothhexazinoneappli-
cation and prescribedfire treatmentswas largely
relatedto a resurgenceof forb speciesduring subse-
quent growing seasons.This positive responseby
forbs is unlike that reportedon other xeric sandhills
wherehigherhexazinoneapplicationratesresultedin
declining herbaceousplant diversity (Wilkins et al.,
I993b).

Nonsignificantdecreasesin plant speciesdiversity
were observedfor all hexazinonetreatmentsin the
initial growing seasonafter application,followed by
recoveryto pre-treatmentlevels during thenext year.
This responsepattern is similar to that reportedfor
singleapplicationsof herbicideusedforsiteprepara-
tion, whereinitial depressionof diversity is followed
by recoveryalong a trajectory similar to that of an
untreatedsite (Neary, 1991).While the reductionin
diversity on thebroadcasttreatedplotsresultedfrom
lower levelsof speciesrichness,thedeclineon thespot
treatedplots was largely attributedto decreasesin
evennessamongplant species.Decreasedplant spe-
ciesevennessresultedfrom the increasingdominance
of wiregrassfollowing thereductionof turkey oak. ln
1995, prescribed fire produced minor declines in
diversity and left evennessunaffectedon all except
thefire-only plots.Onthese,evennesswastemporarily
increasedwhenshrubsweresubstantiallyreducedby
fire, but returnedto pre-treatment.levelsshortly there-
after. This short-livedincreasein evennessindicated
that the fewer remainingspeciesweremoreequitably
distributedacrossthe site. Increasesin speciesdiver-

sity during subsequentgrowingseasonswerelargelya
productof increasingspeciesrichness,mostly from
increasingforbs andgrasses.

SandhillsThavebeen~characterized--as-ecosy.stems
ddrii7inatedby scTtiwvegetationdi loW ~p~~di~V
sity, whosestructureand functionreflect adaptations
for survival in an environmentcharacterizedby sea-
sonalwaterdeficits,periodicfires andlow soil fertility
(SnedakerandLugo, 1972).However,thepresenceof
95 plant specieson this site is typical of the high
vascularplant diversity of longleafpine ecosystems
(Peet and Allard, 1993). Plant speciesdiversity is
largelydeterminedby interspecificcompetitioninter-
acting with siteproductivity, micrositeheterogeneity
anddisturbanceregimes(Tilman, 1982).Hexazinone,
by causingselectivemortality amongdifferentgroups
of plants,altered thecompetitiverelationshipsamong
speciesand thusinfluencedplantdiversity dynamics.
Herbaceousplant diversity is reported to initially
increaseand subsequentlydeclineto predisturbance
levelson sitesdisturbedby prescribedfire, treeharvest
or site preparation(Swindel et al., 1984;Lewiset al.,
1988).Fire typically createsa diverseunderstorywith
high numbersof grasses,legumesandforbs (Waldrop
et al., 1992)by reducingthe shrublayer(Abrahamson
and Hartnett, 1990), clearing micrositesfor herbac-
eouscolonizationandexpansion(Mooreet al., 1982)
andstimulating the production and disseminationof
reproductivepropagules(Biswell andLemon, 1943;
Platt et al., 1988b;Landerset al., 1990; Strenget al.,
1993; Outcalt, 1994b).

4.3. Restoringthe ecosystemwith hexazinoneand
fire

The close associationof longleaf pine wiregrass
ecosystemswith periodic fire has been long recog-
nized (Cary, 1932; Garren, 1943; Bruce, 1947;
Komarek,1968;Taylor, 1974;Veno, 1976;Christen-
sen, 1981; Wright and Bailey, 1982; Abrahamson,
1984) and the needfor frequentgrowing seasonfire
to restoreandsustaina wide rangeof resourcevalues
has been recently advocated(Noss, 1989; Rebertus
et al., 1989b; Landerset al., 1990, 1995; Wade and
Lundsford, 1990;Strenget al., 1993).Thisecosystem
occupiesa portionof theSoutheastthat ishighly prone
to lightning with a high potential for wildfire ignition
(Paulet al., 1968;PaulandWaters,1978).Indeed,the



D.G. Brockway.EW. Outcah/I$orestEcologyarid Management137 (2000)121—138 )33

Fig. I. Scarceoakandprominentlongleafpineandwiregrassaftersequenceof hexazinoneapplicationfollowed by prescribedfire treatmeut.

Fig. 2. Continuingoak dominancefollowing prescribedfire-only treatment.
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